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Description 

[ELECTRO-STATIC DISCHARGE 
PROTECTION CIRCUIT FOR 
DUAL-POLARITY INPUT/OUTPUT PAD] 

Background of Invention 
[ooo 1 ] Field of the Invention 

[0002] The present invention generally relates to an electro-static 
discharge (ESD) protection circuit (ESD). More particularly, 
the present invention relates to an electro-static dis- 
charge (ESD) protection circuit for a dual polarity input/ 
output (I/O) pad. 

[0003] Description of the Related Art 

[0004] The electro-static discharge (ESD) is a phenomenon of the 
motion of the static electricitygenerated from a non- 
conductive surface, and the electro-static discharge (ESD) 
may damage the component circuits and the semiconduc- 
tors in the integrated circuit (IC). For example, a human 
body moving on a carpet may gather several hundred to 



thousand voltages of static electricity in an environment 
having a higher relative humidity, and may gather more 
than ten thousand voltages of static electricity in an envi- 
ronment having a lower relative humidity. In an apparatus 
for packaging the integrated circuits (ICs) or an apparatus 
for testing the integrated circuits (ICs), several hundred to 
thousand voltages of static electricity may also be gener- 
ated. When a chip is contacted by the electro-static 
charged body including, for example, the human body, 
the apparatus or the device described above, the chip will 
be discharged and the phenomenon is the so-called elec- 
tro-static discharge (ESD). The surge power of the elec- 
tro-static discharge (ESD) may damage the integrated cir- 
cuits (ICs) in the chip. 
[0005] | n order to prevent the damage of the integrated circuits 
(ICs) due to the electro-static discharge (ESD) phe- 
nomenon, in general an electro-static discharge (ESD) 
protection circuit will be formed in the integrated circuit 
(IC). Conventionally, the electro-static discharge (ESD) 
protection circuit is composed of the NMOS transistor or 
the CMOS transistor, and is provided by the parasitic 
bipolar junction transistor (parasitic BJT) or the silicon 
control rectifier (SCR) formed by these transistors to 



achieve the electro-static discharge (ESD) protection ef- 
fect. However, the electro-static discharge (ESD) protec- 
tion circuit is effective if and only if the electro-static dis- 
charge (ESD) protection effect is provided without influ- 
encing the normal operation of the device. 
[0006] with respect to the electro-static discharge (ESD) protec- 
tion circuit, a proper design for the activating voltage is 
necessary. In other words, when the device is in normal 
operation, the electro-static discharge (ESD) protection 
circuit should not be activated unexpectedly. For a device 
having a dual polarity input/output(l/0) pad, the detection 
of the static electricity can be classified into a positive po- 
larity situation and a negative polarity situation. In gen- 
eral, when the electro-static discharge (ESD) protection 
circuit is being attacked by an electro-static current, the 
circuit may not be burnt or shorted by the heat genera- 
tion. This is because the current-voltage characteristic 
(l-V curve) of the parasitic diode or bipolar junction tran- 
sistor formed by the electro-static discharge (ESD) protec- 
tion circuit have a characteristics at a high current as 
shown in FIG. 1. Thus, the circuit design of the electro- 
static discharge (ESD) protection circuit described above 
can be practically applied. 



[0007] However, when the ESD device is operated under a nega- 
tive bias, because the pn junction existed by nature is ca- 
pable of only forminga forward-bias diode. The current- 
voltage characteristic (l-V curve) of the forward-bias 
diode is shown as the curve in the fourth quadrant of FIG. 
1. In the meanwhile, when the device is in normal opera- 
tion and under a negative bias, the electro-static dis- 
charge (ESD) protection circuit may be activated. In other 
words, when the device is in normal operation and under 
a negative bias, the electro-static discharge (ESD) protec- 
tion circuit will adversely influence the normal operation 

of the device. 
Summary of Invention 

[0008] Accordingly, one object of the present invention is to pro- 
vide an electro-static discharge (ESD) protection circuit for 
a dual polarity input/output (I/O) pad so thatany adverse 
effects to the device during its normal operation can be 
substantially avoided. 

[0009] | n accordance with the above objects and other advan- 
tages of the present invention, an electro-static discharge 
(ESD) protection circuit for a dual polarity I/O pad is pro- 
vided. The protection circuit comprises a substrate of first 
type, a deep well region of second type, a well region of 



first type, a first transistor, a second transistor, a first 
doped region and a second doped region. The deep well 
region of second type is disposed in the substrate of first 
type, and the well region of first type is disposed in the 
deep well region of second type. Moreover, the first tran- 
sistor is disposed overthewell region of first type, and the 
first transistor comprises a first gate, a first source and a 
first drain. The second transistor is disposed overthe sub- 
strate of first type, and the second transistor comprises a 
second gate, a second source and a second drain. The 
second source is connected with the first drain, where- 
inthe second source and the first drain are disposed in a 
portion of the well region of first type, a portion of the 
deep well region of second type and a portion of the sub- 
strate of first type. Furthermore, the first doped region is 
disposed in the well region of first type and is positioned 
laterally adjacent to the first source. The first doped re- 
gion, the first source and the first gate are electrically 
connected to an input pad. The second doped region is 
disposed in the substrate of first type and is positioned 
laterally adjacent to the second drain. Moreover,the sec- 
ond doped region, the second drain and the second gate 
are electrically connected to an output pad. 



[0010] | n a preferred embodiment of the present invention, a 
deep well region of second type is disposed in the sub- 
strate of first type, and a well region of first type is dis- 
posed in the deep well region of second type, thus a triple 
well structure is constructed. Thus, a silicon control recti- 
fier (SCR) can be formed by the two transistors. With the 
protection circuit connected to I/O pad of the device, the 
operation of the device is protected against any electro- 
static current regardless of whether the electro-static cur- 
rent is a positive electro-static current or a negative elec- 
tro-static current. Further, the normal operation of the 
device is unaffected by protection circuit of the present 
invention regardless of whether the device is being oper- 
ated under a positive biasor a negative bias. 

[° 011 ] It is to be understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 

the invention as claimed. 
Brief Description of Drawings 

[0012] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
following drawings illustrate embodiments of the inven- 



tion and, together with the description, serve to explain 
the principles of the invention. 

[0013] FIG. 1 is a plot of current vs. voltage (l-V curve) of a con- 
ventional electro-static discharge (ESD) protection circuit. 

[0014] FIG. 2 is a drawing schematically illustrating the formation 
of a silicon control rectifier (SCR) when the electro-static 
discharge (ESD) protection circuit is attacked by a positive 
electro-static current according to a preferred embodi- 
ment of the present invention. 

[0015] FIG. 3 is a drawing schematically illustrating the formation 
ofa silicon control rectifier (SCR)when the electro-static 
discharge (ESD) protection circuit is attacked by a negative 
electro-static current according to a preferred embodi- 
ment of the present invention. 

[0016] FIG. 4 is a plot of current vs. voltage (l-V curve) of an 

electro-static discharge (ESD) protection circuit according 

to a preferred embodiment of the present invention. 
Detailed Description 

[0017] The present invention now will be described more fully 

hereinafter with reference to the accompanying drawings, 
in which preferred embodiments of the invention are 
shown. This invention may, however, be embodied in 
many different forms and should not be construed as Mm- 



ited to the embodiments set forth herein; rather, these 
embodiments are provided so that this disclosure will be 
thorough and complete, and will fully convey the scope of 
the invention to those skilled in the art. Like numbers re- 
fer to like elements throughout. 

[0018] | n a preferred embodiment of the present invention, an 
electro-static discharge (ESD) protection circuit is pro- 
vided for an I/O pad of an device which is operated under 
a dual polarity. In other words, the electro-static dis- 
charge (ESD) protection circuit of the present invention is 
capableprotecting the deviceregardless of whetherthe de- 
vice is under a positive bias operation ora negative bias 
operation. Further, the normal operation of the device is 
unaffected by the electro-static discharge (ESD) protection 
circuit of the present invention. Hereinafter, the preferred 
embodimentsare provided for detail description of the 
electro-static discharge (ESD) protection circuit the 
present invention, but can not be used for limit the scope 
of the present invention. It is noted thatin the following 
embodiments, the first type and the second type are not 
limited to, a p-typeand a n-type, the first type and the 
second type can also be a n-type a p-type respectively. 

[0019] FIG. 2 is a cross-sectional view schematically illustrating 



an electro-static discharge (ESD) protection circuit for a 
dual polarity I/O pad of a device according to a preferred 
embodiment of the present invention. Referring to FIG. 2, 
the electro-static discharge (ESD) protection circuit of the 
present invention comprises a substrate of first type 100, 
a deep well region of second type 130, a well region of 
first type 140, a first transistor 180, a second transistor 
170, a first doped region 122and a second doped region 
112. 

[0020] | n a preferred embodiment of the present invention, the 
substrate of first type lOOis, for example but not limited 
to, a p-type silicon substrate. The deep well region of 
second type 130is, for example but not limited to, a n- 
type deep well region. The well region of first type 140is, 
for example but not limited to, a p-type well region. The 
first transistor 180is, for example but not limited to, a 
NMOS transistor. The second transistor 170is, for exam- 
ple but not limited to, a NMOS transistor. The first doped 
region 122is, for example but not limited to, a p-type 
doped region. The second doped region 112is, for exam- 
ple but not limited to, a p-type doped region. 

[0021] Referring to FIG. 2, then-type deep well region 130 is dis- 
posed in the p-type substrate 100, and the p-type well 



region 140 is disposed in the n-type deep well region 
130. Thus, a triple well structure is formed by the p-type 
substrate 100, the n-type deep well region 130and the p- 
type well region 140. 

[0022] Moreover, the NMOS transistor 180 is disposed overthe p- 
type well region 140, and the NMOS transistor 180 in- 
cludes a gate 116, a source 118and a drain 111. More- 
over, another NMOS transistor 170 is disposed overthe p- 
type substrate 100, and the NMOS transistor 170 includes 
a gate 106, a source llOand a drain 108. The source 110 
of the NMOS transistor 170is connected with the drain 
111 of the NMOS transistor 180, and the source llOand 
the drain 111 are disposed in a portion of p-type well re- 
gion 140, a portion of n-type deep well region 130 and a 
portion of p-type substrate 100. 

[0023] Furthermore, the p-type doped region 122is disposed in 
the p-type well region 140, and the p-type doped region 
122 is laterally adjacent to the source 118 of the NMOS 
transistor 180. Moreover, the p-type doped region 
122and the source 118 of NMOS transistor 180 and the 
gate 116 are electrically connected to an input pad 104. 
The p-type doped region 112 is disposed in p-type sub- 
strate 100, and the p-type doped region 112 is laterally 



adjacent to the drain 108 of NMOS transistor. The p-type 
doped region 112 and the drain 108 of NMOS transistor 
170 and the gate 106 are electrically connected to an out- 
put pad 102. In a preferred embodiment, the output pad 
102 is, for example, grounded. 
[0024] when the device is normally operatedunder positive bias, 
a positive bias is input from the input pad 104. The pro- 
tection circuit of the invention would not be activated be- 
cause the normal bias level does not reach the threshold 
of the device. However, when a positive electro-static cur- 
rent attacks the device, the positive electro-static current 
may also enter the device from the input pad 104, and 
thereby activating the electro-static discharge (ESD) pro- 
tection circuit of the present invention. Referring to FIG. 2, 
in the electro-static discharge (ESD) protection circuit of 
the present invention, a pnp parasitic bipolar junction 
transistor 204 is formed by the p-type well region 140, 
the n-type deep well region 130 and the p-type substrate 
100. Moreover, the n-type deep well region 130, the p- 
type substrate lOOand the drain 108 also forms a npnpar- 
asitic bipolar junction transistor 202. It is noted that when 
the positive electro-static current enters from the input 
pad 104 into the p-type doped region 122, the positive 



electro-static current may flow to the p-type well region 
140 and then to the n-type deep well region 130. When 
the gate is grounded, it is noted that the gated breakdown 
voltage is lower than the breakdown voltage of the junc- 
tion. Therefore, the electro-static current will flow from 
the n-type deep well region 130 via the source 110 to the 
p-type substrate 100, and thus a breakdown occurs in the 
area 150 shown by the dotted line. Thereafter, the elec- 
tro-static current will flow to the drain 108 and leave the 
device through the output pad 102. 
[0025] Referring to FIG. 2, the base of the pnp parasitic bipolar 
junction transistor 204 is connectedwiththe collector of 
the npn parasitic bipolar junction transistor 202. More- 
over, the collector of the npn parasitic bipolar junction 
transistor 202 is connected with the collector of the pnp 
parasitic bipolar junction transistor 204. In other words, 
each of the base of the two parasitic bipolar junction tran- 
sistorsis driven by the collector of the other parasitic 
bipolar junction transistor, and thus a positive feedback 
loop is formed. Moreover, the pnpn semiconductor struc- 
ture forms a structure of a silicon control rectifier (SCR). 
The silicon control rectifier (SCR) hasa specific current- 
voltage characteristic (l-V curve) as shown in the first 



quadrant of FIG. 4. When the electro-static discharge 
(ESD) protection circuit is attacked by a positive electro- 
static current, the electro-static discharge (ESD) protec- 
tion circuit is triggered to protect the device against the 
electro-static currentand also the normal operation of the 
device is not adversely affected by the electro-static dis- 
charge (ESD) protection circuit of the present invention. 
[0026] Alternatively, when the device is operatedunder negative 
bias, a negative bias is input from the input pad 104 of 
the device. The protection circuit of the invention would 
not be activated because the normal bias level does not 
reach the threshold of the device. However, when a nega- 
tive electro-static current attacks the device, the negative 
electro-static current may also enter the device from the 
input pad 104 andthereby activating the electro-static 
discharge (ESD) protection circuit of the present invention. 
Here, the negative electro-static current entering from the 
input pad 104 can be regarded as a positive electro-static 
current entering from the output pad 102. Referring to 
FIG. 3, in the electro-static discharge (ESD) protection cir- 
cuit of the present invention, a pnp parasitic bipolar junc- 
tion transistor 304 is formed by the p-type substrate 100, 
the n-type deep well region 130 and the p-type well re- 



gion 140. Moreover, the n-type deep well region 130, the 
p-type well region 140and the source 118 also forms a 
npnparasitic bipolar junction transistor 302. It is noted 
that when the positive electro-static current is enters from 
the output pad 102 to the p-type doped region 112, the 
positive electro-static current will flow to the p-type sub- 
strate 100 and then to the n-type deep well region 130. In 
the meanwhile, since the gatebreakdown voltage is lower 
than the breakdown voltage of the junction, and therefore 
the positive electro-static current will flow from the n- 
type deep well region 130 via the drain 111 to the p-type 
well region 140, and a breakdown occurs in the area 160 
shown by the dotted line. Then, the positive electro-static 
current will flow to the source 118 and leave the device 
through the input pad 104. 
[0027] Referring to FIG. 3, the base of the pnp parasitic bipolar 
junction transistor 304 is connected with the collector of 
the npn parasitic bipolar junction transistor 302. More- 
over, the base of the npn parasitic bipolar junction tran- 
sistor 302 is connected with the collector of the pnp para- 
sitic bipolar junction transistor 304. Therefore, each of 
the bases of the two parasitic bipolar junction transistors 
is driven by the collector of the other parasitic bipolar 



junction transistor, and thus a positive feedback loop is 
formed. Therefore, apnpn semiconductor structure forms 
a silicon control rectifier (SCR). Since the silicon control 
rectifier (SCR) hasa specific current-voltage characteristic 
(l-V curve) as shown in the fourth quadrant of FIG. 4. 
When the electro-static discharge (ESD) protection circuit 
is attacked by a negative electro-static current, the elec- 
tro-static discharge (ESD) protection effect is triggered to 
protect the device against the electro-static current and 
also the normal operation of the device is not adversely 
affected by the electro-static discharge (ESD) protection 
circuit of the present invention. 
[0028] Referring to FIG. 4, the current-voltage characteristic (l-V 
curve) of the electro-static discharge (ESD) protection cir- 
cuit for the dual polarity I/O pad of the present invention 
is shown. As shown, the current-voltage characteristics 
(l-V curve)of protection circuit, when the device is at- 
tacked by a positive electro-static current and the cur- 
rent-voltage characteristics (l-V curve)of protection circuit 
when the device is attacked by a negative electro-static 
current, are not symmetrical. The reason being, when the 
electro-static discharge (ESD) protection circuit of the 
present invention are attacked by the electro-static cur- 



rent of two type of different polarities, the two type of 
pnpn silicon control rectifier (SCR) structuresformed are 
not totally symmetrical. However, regardless of the type of 
pnpn silicon control rectifier (SCR) formed, the electro- 
static discharge (ESD) protection circuit will be triggered 
to protect the device and also the normal operation of the 
device is unaffected. 
[0029] it w i|| be apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention cover modifications and 
variations of this invention provided they fall within the 
scope of the following claims and their equivalents. 



